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Lipid droplets, storage sites of fatty acids and sterols, expandwhen excess lipids are converted to triacylgly-
cerols. In this issue of Developmental Cell, Wilfling et al. (2013) show that this expansion relies on relocaliza-
tion, via membrane bridges, of triacylglycerol-synthesizing enzymes from the ER to a subset of lipid droplets.Lipid droplets (LDs) are storage depots in
which cells keep excess fatty acids and
sterols. LDs are found in virtually all cell
types and play critical roles in lipid
homeostasis. The structure of LDs is strik-
ingly different fromother organelles.While
most organelles have aqueous interiors
that are separated from the rest of the
cytoplasm by a membrane bilayer, LDs
contain a core of neutral lipids surrounded
by a phospholipid monolayer (Figure 1).
The lipids in the cores of LDs are almost
entirely triacylglycerols (TGs) and choles-
teryl esters.
There are a number of models of how
LD biogenesis begins and how, once it is
formed, an LD is expanded (Fujimoto
and Parton, 2011; Brasaemle and Wolins,
2012; Sturley and Hussain, 2012). LD
biogenesis probably starts in the ER,
where neutral lipid synthesis occurs.
One popular model of nascent LD biogen-
esis proposes that as neutral lipids are
synthesized in the ER, they accumulate
in the hydrophobic interior of theFigure 1. A Transit Route for Lipid Droplet Expansion
Model of how GPAT4 and other triacylglycerol (TG)-synthesizing enzymes
might move from the ER to expanding lipid droplets (eLDs), but not to static
lipid droplets (sLDs), after oleate is added to cells to mediate LD growth.
Note that this model suggests that ER-LD bridges exist before LD expansion
begins.membrane, between the leaf-
lets of the bilayer, eventually
forming a ‘‘lens’’ in the
membrane. As a neutral lipid
lens grows, it eventually gets
big enough that it buds from
the membrane, forming a
nascent LD. This model has
the advantage of explaining
how LDs acquire a surround-
ing monolayer and a subset
of membrane proteins from
the ER. On the other hand,
nascent LD biogenesis has
not yet been visualized in
cells.
How nascent LDs subse-
quently expand and grow
is also poorly understood.
Some LD growth is the resultof LD-LD fusion. Some LD expansion
also requires the acquisition of newly
synthesized neutral lipids by existing
LDs. It could be that newly synthesized
neutral lipids are transferred from the ER
to LDs at regions where these organelles
are closely apposed, but whether this
occurs is not known.
A groundbreaking article by Wilfling
et al. (2013), published in this issue of
Developmental Cell, has revealed an
important mechanism that cells use to
expand LDs. The authors studied the LD
expansion that occurs when the fatty
acidic oleate is added to mammalian
cells. Exogenous oleate is rapidly con-
verted to TG, resulting in LD expansion.
TG biosynthesis in mammals is a four-
step process, and multiple isoenzymes
catalyze each step. Wilfling et al. (2013)
found that when oleate is added to cells,
at least one isoenzyme for each of the
steps of TG biosynthesis is found on
LDs. Most of the paper focuses on one
of these enzymes, glycerol-3-phosphateDevelopmental Cell 24,acyltransferase 4 (GPAT4), which cata-
lyzes the first and rate-limiting step in TG
biosynthesis. In the absence of oleate,
GPAT4 is in the ER, but Wilfling et al.
(2013) found that it relocates to LDs after
oleate is added to cells. They ruled out
that the GPAT4 on LDs was newly synthe-
sized protein or that the ER pool of GPAT4
was degraded. Therefore, preexisting
GPAT4 protein moves from the ER to
LDs. More importantly, the authors care-
fully demonstrated that the GPAT4 is truly
on LDs and not just on the ER adjacent to
LDs. The authors further present compel-
ling evidence that the enzymes needed in
addition to GPAT4 to make TG also
localize to the same LDs. Thus, rapid LD
expansion after oleate addition occurs
because the enzymes necessary for TG
biosynthesis move from the ER to LDs,
which allows TG synthesis to occur
directly on expanding LDs (Figure 1).
It seems likely that TG synthesis directly
on LDs helps prevent the toxic effects of
adding oleate to cells in two ways. First,February 25,it may allow more rapid TG
synthesis, because enzymes
and substrates are close to
one another. Second, it could
help prevent the accumula-
tion of TG or TG precursors
in the ER, which might
adversely affect ER functions.
One remarkable part of this
story is that GPAT4 localizes
only to a subset of LDs, the
ones that expand after oleate
addition. The authors found
that there are two populations
of LDs: small, static LDs
(sLDs) that lack GPAT4 and
large, expanding LDs (eLDs)
that contain GPAT4 during
expansion. The authors pro-
pose that the sLDs that lack2013 ª2013 Elsevier Inc. 335
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while the eLDs containing GPAT4 expand
because TG is made directly on them. To
elegantly prove this point, Wilfling et al.
(2013) showed that knockdown of
GPAT4 virtually eliminated large eLDs,
whereas knockdown of other GPATs
(which are on theER) significantly reduced
the number of sLDs.
How do GPAT4 and other TG synthesis
enzymes relocate from the ER to eLDs?
This is not a trivial question, because
these enzymes are integral membrane
proteins and cannot simply diffuse from
the ER to LDs through the cytosol. Wilfling
et al. (2013) provide two important clues.
One is that GPAT4 seems to have an
unusual membrane topology that allows
it to reside in both the ER and LDs. The
authors found that GPAT4 does not have
any domains in the ER lumen and that its
two transmembrane domains probably
do not completely span the membrane.
This topology allows GPAT4 to reside in
LDs, which lack an aqueous interior.
Importantly, the introduction of a small
lumenal domain between the two trans-
membrane segments of GPAT4 pre-
vented the protein from exiting the ER.336 Developmental Cell 24, February 25, 201Wilfling et al. (2013) propose that GPAT4
and other proteins move from the ER
to LDs via membranous connections
between the organelles. These connec-
tions are visible by electron microscopy,
and their existence has been suggested
by previous studies as well (Fujimoto
and Parton, 2011). The nature of these
bridges and how they form is a fascinating
mystery. One possibility is that at ER-LD
bridges, the monolayer surrounding LDs
is continuous with one of the two leaflets
of the ER membrane, thereby providing
a conduit for proteins like GPAT4 to
diffuse from the ER to LDs (Figure 1). It
may be that there is some machinery that
assembles these bridges when LD expan-
sion is necessary, but a simpler possibility
is that the bridges are present when
nascent LDs initially form and are main-
tained as LDs expand. Therefore, ER-LD
bridges may exist before oleate addition
and allow rapid LD expansion when
necessary. Indeed, it could be that the
reason eLDs can expand rapidly is that
after they are initially formed, they remain
connected to the ER while sLDs do not.
Whatever the mechanism of ER-LD
bridge formation, the existence of these3 ª2013 Elsevier Inc.connections raises a host of other impor-
tant questions. Why does GPAT4 remain
in the ER before oleate is added to cells,
and, once oleate has been added, why
does GPAT4 only migrate to a subset of
LDs?Wilfling et al. (2013) present evidence
that once GPAT4 reaches an LD, it never
moves back to the ER. Given this unidirec-
tionality, is there some sort of gate that
prevents GPAT4 and other TG-synthe-
sizing enzymes from leaving LDs, or do
these proteins have higher affinity for LDs
than for the ER membrane? Unraveling
the nature of ER-LDbridges and how lipids
and proteins move across them will be
exciting problems to tackle in future work.REFERENCES
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Epithelia must maintain barrier function—protecting interior tissues from a variable external environment—
evenwhile their cells divide. In the previous issue ofDevelopmental Cell, Guillot and Lecuit (2013), Founounou
et al. (2013), and Herszterg et al. (2013) present complementary findings on the interplay between cell adhe-
sion and cell division.Epithelial cells are interconnected via
adherens junctions, apically localized
protein complexes that include the
core transmembrane protein E-cadherin,
cytoplasmic components b-catenin and
a-catenin, and many components of
the actomyosin cytoskeleton (Takeichi,2011). Although their stability and persis-
tence are required for epithelial integrity,
adherens junctions are remodeled during
tissue morphogenesis and cell division
(Cavey and Lecuit, 2009). Division of
epithelial cells potentially compromises
the epithelium because it entails thechanging of shape and de novo assembly
of intercellular junctions.
Cytokinesis is the final step of cell divi-
sion, when the mother cell is physically
partitioned in two. In cytokinesis, a
plasma-membrane-associated contrac-
tile ring assembles and constricts to
